cluding painful disorders, heart disease, and inflammatory conditions. In addition, some Xylopia species have been used in the folk medicine for treating tumors. Nonetheless, almost no scientific research was made of this plant. A phytochemical and biological study of the stem from X. laevigata was performed by Silva et al. [6] . The ent-kaurane diterpenoids, ent-kaur-16-en-19-oic acid, 4-epi-kaurenic acid, ent-16β-hydroxy-17-acetoxy-kauran-19-al, ent-3β-hydroxykaur-16-en-19-oic acid, and ent-16β,17-dihydroxy-kauran-19-oic acid, as well as spathulenol and a mixture of β-sitosterol, stigmasterol, and campesterol, were isolated from the hexane extract from X. laevigata stem. Potent larvicidal activity against Aedes aegypti larvae and antifungal activity against Candida glabrata and Candida dubliniensis were found for ent-3β-hydroxykaur-16-en-19-oic acid. However, chemical analysis or investigation of the biological properties Abstract ! Xylopia laevigata, popularly known as "meiú" and "pindaíba", is a medicinal plant used in the folk medicine of the Brazilian Northeast for several purposes. The chemical constituents of the essential oil from leaves of X. laevigata, collected from wild plants growing at three different sites of the remaining Atlantic forest in Sergipe State (Brazilian Northeast), were analyzed by GC/FID and GC/ MS. The effect of the essential oil samples was assessed on tumor cells in culture, as well on tumor growth in vivo. All samples of the essential oil were dominated by sesquiterpene constituents. A total of 44 compounds were identified and quantified. Although some small differences were observed in the chemical composition, the presence of γ-muurolene (0.60-17.99 %), δ-cadinene (1.15-13.45 %), germacrene B (3.22-7.31 %), α-copaene (3.33-5.98 %), germacrene D (9.09-60.44 %), bicyclogermacrene (7.00-14.63 %), and (E)-caryophyllene (5.43-7.98 %) were verified as major constituents in all samples of the essential oil. In the in vitro cytotoxic study, the essential oil displayed cytotoxicity to all tumor cell lines tested, with the different samples displaying a similar profile; however, they were not hemolytic or genotoxic. In the in vivo antitumor study, tumor growth inhibition rates were 37.3-42.5 %. The treatment with the essential oil did not significantly affect body weight, macroscopy of the organs, or blood leukocyte counts. In conclusion, the essential oil from the leaves of X. laevigata is chemically characterized by the presence of γ-muurolene, δ-cadinene, germacrene B, α-copaene, germacrene D, bicyclogermacrene, and (E)-caryophyllene as major constituents and possesses significant in vitro and in vivo anticancer potential.
of the essential oil from leaves of X. laevigata has not been previously performed. The chemical composition of the essential oil from leaves of X. laevigata, collected from wild plants growing at three different sites of the remaining Atlantic forest in Sergipe State (Brazilian Northeast), was analyzed by GC/FID and GC/MS. In addition, the effect of the essential oil samples was assessed on tumor cells in culture as well as on tumor growth in vivo.
Material and Methods

!
Reagents 5-Fluorouracil (5-FU, purity > 99 %), doxorubicin (purity > 98 %), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), ficoll-hypaque, phytohemagglutinin, and resazurin were purchased from Sigma Chemical Co. Triton X-100 (purity > 98%) was purchased from Vetec. RPMI 1640 medium, fetal bovine serum, penicillin, and streptomycin were purchased from Cultilab. Carbon dioxide (CO 2 ) was purchased from White Martins. All other reagents were of analytical grade.
Cells
The cytotoxicity of the essential oil was tested against HL-60 (promyelocytic leukemia), OVACAR-8 (ovarian carcinoma), SF-295 (glioblastoma), and HCT-116 (colon carcinoma) human cancer cell lines, all obtained from the National Cancer Institute, Bethesda, MD, USA. Cells were grown in RPMI-1640 medium supplemented with 10 % fetal bovine serum, 2 mM glutamine, 100 µg/mL streptomycin, and 100 U/mL penicillin, and incubated at 37°C with a 5% CO 2 atmosphere. Sarcoma 180 tumor cells, which had been maintained in the peritoneal cavity of Swiss mice, were obtained from the Laboratory of Experimental Oncology at the Federal University of Ceará. In order to get healthy human peripheral blood mononuclear cells (PBMC), heparinized blood (from healthy, nonsmoking donors who had not taken any drug at least 15 days prior to sampling) was collected, and the PBMC were isolated by a standard method of density-gradient centrifugation over ficoll-hypaque. The PBMC were washed and resuspended. Cells were grown under the same conditions as above plus the addition of phytohemagglutinin (4 %). The Human Research Ethics Committee approved this experimental protocol.
Animals
A total of 40 Swiss mice (males, 25-30 g), obtained from the central animal house of the Federal University of Sergipe, Brazil, were used. Animals were housed in cages with free access to food and water. All animals were kept under a 12 : 12-h light-dark cycle (lights on at 6 : 00 a. m.). Animals were treated according to the ethical principles for animal experimentation of SBCAL (the Brazilian association of laboratory animal science), Brazil. The Animal Studies Committee from the Federal University of Sergipe approved the experimental protocol (number 08/2012). 
Plant material
Essential oil isolation and chemical analysis
Oil isolation: The X. laevigata leaf specimen samples (200 g each) were dried separately in a stove with circulating air at 40°C for 24 h and submitted to hydrodistillation for 3 h using a Clevenger-type apparatus (Amitel). The hydrodistillation was performed in triplicate. The essential oil was dried over anhydrous sodium sulphate and stored in a freezer until analysis. The essential oil yields (v/w), calculated from dry plant weight, were 1.18 ± 0.13 % for sample A, 1.58 ± 0.12 % for sample B, and 1.40 ± 0.14 % for sample C. GC/FID analysis: GC analyses were carried out using a Shimadzu GC-17A fitted with a flame ionization detector (FID) and an electronic integrator. Separation of the compounds was achieved employing a ZB-5MS fused capillary column (30 m × 0.25 mm × 0.25 µm film thickness) coated with 5 %-phenyl-arylene-95%-methylpolysiloxane. Helium was the carrier gas at 1.2 mL/min flow rate. The column temperature program was: 50°C/2 min, then a temperature increase of 4°C/min to 200°C, followed by another temperature increase of 15°C/min to 300°C, finishing with 300°C/15 min. The injector and detector temperatures were 250°C and 280°C, respectively [7] . Samples (0.5 µL in CH 2 Cl 2 ) were injected with a 1 : 100 split ratio. Retention indices were generated with a standard solution of n-alkanes (C 9 -C 18 ). Peak areas and retention times were measured by an electronic integrator. The relative amounts of individual compounds were computed from GC peak areas without FID response factor correction. GC/MS analysis: GC/MS analyses were performed on a Shimadzu QP5050A GC/MS system equipped with an AOC-20i auto-injector. A J&W Scientific DB-5MS (coated with 5 %-phenyl-95%-methylpolysiloxane) fused capillary column (30 m × 0.25 mm × 0.25 µm film thickness) was used as the stationary phase. MS were taken at 70 eV with a scan interval of 0.5 s and fragments from 40-500 Da. All other conditions were similar to the GC analysis [7] .
Identification of constituents
The essential oil components were identified by comparing the retention times of the GC peaks with standard compounds ran under identical conditions, by comparison of retention indices [8] and MS [9] with those in the literature, and by comparison of MS with those stored in the NIST and Wiley databases.
In vitro cytotoxic evaluation of the essential oil
Determination of the effect of the essential oil on cultured tumor and normal cells: Tumor cell growth was quantified by the ability of living cells to reduce the yellow dye MTT to a purple formazan product, as described by Mossman [10] . For all experiments, 100 µL of a solution of cells (0.7 × 10 5 cells/mL for adherent cells or 0.3 × 10 6 cells/mL) were seeded in 96-well plates. After 24 h, the essential oil (0.39-50 µg/mL), dissolved in dimethyl sulfoxide (DMSO), was added to each well (using the HTS -highthroughput screening -Biomek 3000; Beckman Coulter, Inc.) and incubated for 72 h. For this, a stock solution (10 mg/mL) was prepared using DMSO, and then this stock solution was diluted using medium. Doxorubicin was used as the positive control. Negative control was treated with the vehicle used for diluting the test substance (0.5 % DMSO). At the end of incubation, the plates were centrifuged, and the medium was replaced by fresh medium (150 µL) containing 0.5 mg/mL MTT. Three hours later, the formazan product was dissolved in 150 µL of DMSO, and the absorbance was measured using a multiplate reader (DTX 880 Multimode Detector; Beckman Coulter, Inc.). The drug effect was quantified as the percentage of control absorbance of reduced dye at 595 nm. PBMC cell growth was determined by the Alamar blue assay, as described by Ahmed et al. [11] . For all experiments, 100 µL of a solution of cells (0.3 × 10 6 cells/mL) were seeded in 96-well plates. After 24 h, the essential oil (0.39-50 µg/mL), dissolved in DMSO, was added to each well (using HTS, high-throughput screening, Biomek 3000, Beckman Coulter, Inc.) and incubated for 72 h. Doxorubicin was used as the positive control. Negative control was treated with the vehicle used for diluting the test substance (0.5 % DMSO). Twenty-four hours before the end of incubation, 10 µL of stock solution (0.312 mg/mL) of Alamar blue (Resazurin) was added to each well. The absorbance was measured using a multiplate reader (DTX 880 Multimode Detector; Beckman Coulter ® ), and the drug effect was quantified as the percentage of control absorbance at 570 nm and 595 nm. Determination of the effect of the essential oil on mouse erythrocytes: The hemolytic activity was performed using mouse erythrocyte, as described by Jimenez et al. [12] . The test was performed in 96-well plates using a 2% mouse erythrocyte suspension in 0.85 % NaCl containing 10 mM CaCl 2 . The essential oil samples were tested at concentrations ranging from 31.25 to 500 µg/ mL. After incubation at room temperature for 30 min and centrifugation, the supernatant was removed, and the hemoglobin released was measured spectrophotometrically as the absorbance at 540 nm. Determination of the genotoxic effect of the essential oil by the alkaline comet assay: The alkaline (pH > 13) version of the comet assay (Single Cell Gel Electrophoresis) was performed as described by Singh et al. [13] with minor modifications [14] . Slides were prepared in duplicate, and 100 cells were screened per sample (50 cells from each duplicate slide) using a fluorescence microscope (Zeiss) equipped with a 515-560 nm excitation filter, a 590 nm barrier filter, and a 40X objective. Cells were scored visually into five classes according to tail length: (1) class 0: undamaged, without a tail; (2) class 1: with a tail shorter than the diameter of the head (nucleus); (3) class 2: with a tail length 1-2× the diameter of the head; (4) class 3: with a tail longer than 2× the diameter of the head; (5) class 4: comets with no heads. A value of damage index (DI) was assigned to each comet according to its class, using the formula: DI = (0 × n0) + (1 × n1) + (2 × n2) + (3 × n3) + (4 × n4), where n = number of cells in each class analyzed. The damage index ranged from 0 (completely undamaged: 100 cells × 0) to 400 (with maximum damage: 100 cells × 4). DI is based on migration length and on the amount of DNA in the tail, and it is considered a sensitive DNA measure [15] .
In vivo antitumor evaluation of the essential oil
Determination of the effect of the essential oil on the growth of solid tumor in vivo: The in vivo antitumor effect was evaluated using sarcoma 180 ascites tumor cells following protocols previously described [16] [17] [18] . Ten-day-old sarcoma 180 ascites tumor cells (2 × 10 6 cells per 500 µL) were implanted subcutaneously into the left hind groin of mice. The essential oil was dissolved in 5 % DMSO and given to mice intraperitoneally once a day for 7 consecutive days. At the beginning of the experiment, the mice were divided into four groups, as follows: Group 1: animals treated by i. p. injection of vehicle 5 % DMSO (n = 12); Group 2: animals treated by i. p. injection of 5-FU (25 mg/kg/day) (n = 10); Group 3: animals treated by i. p. injection of the essential oil (50 mg/kg/ day) (n = 8); Group 4: animals treated by i. p. injection of the essential oil (100 mg/kg/day) (n = 10). The treatments were started one day after tumor injection. The dosages were determined based on previous articles [18, 19] . On day 8, the animals were sacrificed by cervical dislocation, and the tumors were excised and weighed. The drug effects were expressed as the percent inhibition of control. Systemic toxicological evaluation: Body weight loss, organ weight alteration, and hematological analyses were determined at the end of the above experiment, as previous described [17, 18] . Peripheral blood samples of the mice were collected from the retroorbital plexus under light ether anesthesia, and the animals were sacrificed by cervical dislocation. After sacrifice, the liver, kidney, and spleens were removed and weighed. In hematological analysis, total leukocyte counts were determined by standard manual procedures using light microscopy.
Statistical analysis
Data were presented as mean ± SEM (or SD) or IC 50 values, and their 95 % confidence intervals (CI 95%) obtained by nonlinear regression. The differences between experimental groups were compared by ANOVA (analysis of variance) followed by the Student-Newman-Keuls (p < 0.05). All statistical analyses were performed using the GraphPad program (Intuitive Software for Science).
Results
!
Initially, chemical compositions of three essential oil samples were analyzed by GC/FID and GC/MS. Hydrodistillation of the X. laevigata leaf specimens yielded essential oil superior to 1 % in relation to the dry weight of the plant material. The best yield was observed for sample B with 1.58 ± 0.12 %. All samples of the essential oil were dominated by sesquiterpene constituents with 95.35 % in sample A, 98.60 % in sample B, and 91.18 % in sample C. l " Fig. 1 presents a representative chromatogram from GC-MS analysis of the essential oil samples. As shown in l " Table 1 , it was possible to identify 44 compounds: 37 in sample A, 19 in sample B, and 28 in sample C. The major compounds identified in the essential oil of sample A were γ-muurolene (17.99 %), δ-cadinene (13.45 %), germacrene D (9.09 %), bicyclogermacrene (7.00 %), α-copaene (5.98 %), (E)-caryophyllene (5.43 %), γ-cadinene (4.52 %), aromadendrene (3.99 %), γ-amorphene (3.92 %), and germacrene B (3.22%), while germacrene D (60.44 %), bicyclogermacrene (11.65 %), (E)-caryophyllene (6.37%), germacrene B (3.67 %), γ-cadinene (3.38 %), and α-copaene (3.33 %) were the main constituents in the essential oil of sample B. In sample C, the following predominated: germacrene D (43.62%), bicyclogermacrene (14.63 %), (E)-caryophyllene (7.98%), germacrene B (7.31 %), δ-elemene (4.50 %), and α-copaene (3.56 %). Although some small differences were observed in the chemical composition of the essential oil samples from X. laevigata specimens, the presence of γ-muurolene (0.60-17.99 %), δ-cadinene (1.15-13.45 %), germacrene B (3.22-7.31 %), α-copaene (3.33-5.98 %), germacrene D (9.09-60.44 %), bicyclogermacrene (7.00-14.63 %), and (E)-caryophyllene (5.43-7.98 %) were verified as major constituents in all samples of the essential oil. In a second set of experiments, anticancer activity of the essential oil samples was evaluated in different bioassays. The effect of the essential oil samples was assessed on normal and tumor cells in culture. Genotoxic activity on human lymphocytes and lytic activity on mouse erythrocytes were also determined. In addition, in vivo antitumor activity was assessed in Sarcoma 180-bearing mice. The cytotoxicity of all essential oil samples was evaluated for tumor cell lines from different histotypes using the MTT assay. Doxorubicin was used as a positive control. The cytotoxicity of the essential oil was similar for all samples. l " Table 2 summarizes the IC 50 data for cytotoxic activity. IC 50 values ranging from 14.4 to 31.6 µg/mL were obtained in SF-295 and OVCAR-8 cell lines for sample A, from 17.9 to 27.1 µg/mL in SF-295 and OVCAR-8 cell lines for sample B, and from 18.5 to 27.6 µg/mL in OVCAR-8 and HCT-116 cell lines for sample C, respectively. Doxorubicin, used as a positive control, showed IC 50 values ranging from 0.02 to 1.36 µg/mL in HL-60 and OVCAR-8 cell lines, respectively. The cytotoxicity of the essential oil was also evaluated with normal cells (PBMC). The results, presented in l " Table 2 , show that these essential oil samples were also cytotoxic to normal cells. Since the inhibition of tumor cell lines can be related to membrane disruption, all essential oil samples were also tested for the ability to induce lysis of mouse erythrocytes; however, they were not hemolytic, even at the highest concentration tested (500 µg/mL, data not shown). Triton X-100, used as a positive control, showed potent hemolytic effects. The genotoxicity of a representative sample of the essential oil (sample A) was evaluated in human lymphocytes in culture by the alkaline comet assay at concentrations of 50, 100, and 200 µg/mL. Genotoxicity assay was performed with only one sample since the in vitro cytotoxic effects were similar among the samples. The essential oil did not show genotoxic activity at any experimental concentration tested (data not shown). Doxorubicin, used as a positive control, showed potent genotoxic activity.
To investigate whether the essential oil has in vivo antitumor activity, mice were subcutaneously transplanted with sarcoma 180 cells and treated by the intraperitoneal route once a day for 7 consecutive days with the essential oil. Since the in vitro cytotoxic effects were similar among the samples, we decided to perform the in vivo antitumor study with only one sample. Sample B was used due to the amount of samples available. The effects of the essential oil on mice transplanted with sarcoma 180 tumor are presented in l " Table 3 . On day 8, the average tumor weight of the control mice was 1.97 ± 0.17 g. In the presence of the essential oil (50 and 100 mg/kg/day), the average tumor weights were 1.24 ± 0.09 and 1.13 ± 0.27 g, respectively. Tumor growth inhibition rates were 37.3-42.5 %. The inhibition was significant at both doses in relation to the control group (p < 0.05). With the 25 mg/kg/day dose, 5-FU reduced tumor weight by 67.8% within the same period. Systemic toxicological parameters were also examined in essential oil-treated mice. For these, body weight loss, organ weight alteration, and leukogram were determined. No statistically significant changes in the essential oil-treated mice were seen in any toxicological parameters analyzed (p > 0.05, data not shown). In contrast, 5-FU, used as a positive control, reduced the body weights and spleen organ weights and induced a decrease in total leukocytes (p < 0.05, data not shown). Mountain National Park, sample B was collected at "Mata do Crasto" and sample C was collected near the campus of the Federal University of Sergipe.
Discussion
!
The present work investigated the phytochemical and antitumor activity of the essential oil from leaves of X. laevigata collected from wild plants growing at three different sites of the remaining Atlantic forest in Sergipe State (Brazilian Northeast). The chemical composition and anticancer activity of the essential oil from leaves of X. laevigata were studied here for the first time.
The essential oil from the leaves of X. laevigata was chemically characterized by the presence of the major constituents γ-muurolene, δ-cadinene, germacrene B, α-copaene, germacrene D, bicyclogermacrene, and (E)-caryophyllene. Among them, germacrene D, bicyclogermacrene, and (E)-caryophyllene could be considered chemotaxonomic markers of this species since they are found in a high concentration in all essential oil samples investigated. In addition, the minor constituents α-pinene, limonene, α-and β-cubebene, α-humulene, and spathulenol have been re- ported in essential oils of several other species belonging to the genus Xylopia, some of them, such as α-pinene, limonene, and spathulenol, have been found in high concentrations [20] [21] [22] . The presence of the major compounds along with the minor constituents identified α-pinene, limonene, and spathulenol, indicating that this species is a typical member of the Annonaceae family. Although some of these volatile compounds are also present in essential oils of other families, their occurrence in Annonaceae in high concentrations, mainly in the case of bicyclogermacrene, (E)-caryophyllene, and germacrene, is very common and has an important chemotaxonomic relevance [7, [20] [21] [22] . Although the essential oil samples have shown some difference in chemical composition, as the concentrations of germacrene D and γ-muurolene, they presented similar in vitro cytotoxic effect. Probably, the associations of the major and minor constituents are responsible for the cytotoxic activity of this essential oil. The differences in chemical composition can be related to soil and climate conditions, water stress, collection place, nutrition, and other abiotic factors. All samples of the essential oil displayed cytotoxicity to all tumor cell lines tested, with IC 50 values ranging from 14.4 to 31.6 µg/mL. According to the preclinical anticancer drug-screening program used in this study, only those extracts/oils presenting IC 50 values below 30 µg/mL in tumor cell line assays are considered promising for anticancer drug development [23] . Therefore, the essential oil obtained from X. laevigata presented promising results. In addition, it inhibited tumor growth in mice in a dose-dependent manner. On the other hand, the essential oil was also cytotoxic to normal cells, presenting low selectivity, but it was not hemolytic or genotoxic.
The erythrocyte membrane is a dynamic structure that can dictate significant changes in its interaction with drugs [24] . The absence of lytic effects suggests that the cytotoxicity of the essential oil is not related to membrane disruption; probably a more specific cellular pathway is responsible for its action. On the other hand, genotoxic effects could be biologically relevant as an alternative strategy for killing tumor cells. The lack of a genotoxic effect suggests that the cytotoxicity of the essential oil is not related to DNA damage. Moreover, this effect needs to be extensively evaluated to assess the safety of novel drugs. For the Xylopia genus, as cited above, some studies have reported that plants belonging to this genus present cytotoxic activity. The ethanolic extract of X. aethiopica fruits was able to induce DNA damage, cell cycle arrest in the G 1 phase, and apoptotic cell death. These effects seem to be related to the diterpene ent-15-oxokaur-16-en-19-oic acid [1] . The methanol extract of X. aethiopica seeds was cytotoxic to some tumor cell lines [25] . Interestingly, the essential oil of X. aethiopica fruits also showed cytotoxic activity to epidermoid carcinoma cells (Hep-2) [26] . Extracts of the bark, wood, and stem of X. aromatica [2, 27] as well as numerous acetogenins isolated from this species [28, 29] showed cytotoxicity to several tumor cell lines. In X. langsdorffiana, the isolated compound xylodiol was able to inhibit cell proliferation probably by involvement of the induction of cell differentiation and apoptosis induction [3, 30] . Pita et al. [31] showed that trachylobane-360, a diterpene isolated from X. langsdorffiana, displays antitumor effects in vitro and in vivo, without substantial systemic toxicity. In addition, the diterpenoid kaurenoic acid, isolated from X. sericea, showed cytotoxic, genotoxic, and mutagenic effects in many experimental protocols because it induced DNA double-strand breaks and/or inhibition of topoisomerase I [4] . In this present work, the essential oil from leaves of X. laevigata showed significant in vitro and in vivo anticancer potential. Some constituents of the essential oil from leaves of X. laevigata have been studied for their cytotoxic activity. (E)-caryophyllene and α-pinene were previously tested by our group and showed IC 50 values > 25 µg/mL [32] . In another study, (E)-caryophyllene Mice were injected with sarcoma 180 (2.0 × 10 6 cells/animal, s. c.). Starting one day after tumor implantation, the animals were treated for seven consecutive days by intraperitoneal route. Data are presented as mean ± SEM for 8-12 animals. Negative control was treated with the vehicle used for diluting the test substance (5% DMSO).
5-Fluorouracil (5-FU) was used as a positive control. A representative sample of the essential oil (sample B) was used. Sample B was collected at "Mata do Crasto". * p < 0.05 compared with the 5 % DMSO group by ANOVA followed by Student-New-
man-Keuls
showed cytotoxic activity with an IC 50 value of~20 µg/mL to renal cell adenocarcinoma (ACHN) and amelanotic melanoma (C32) [33] . Amiel et al. [34] reported that (E)-caryophyllene has cytotoxic activity to tumor cell lines but not to normal cells. Moreover, (E)-caryophyllene caused a potent induction of apoptosis, accompanied by DNA ladder and caspase-3 catalytic activity in tumor cell lines [34] . α-Humulene showed cytotoxic activity with an IC 50 value of 11.2 µg/mL to hormone-dependent prostate carcinoma cells (LNCaP) [35] . Areche et al. [36] showed that spathulenol was cytotoxic to gastric adenocarcinoma cells (AGS). Limonene inhibits the growth of human gastric cancer cells through a mechanism of inducing their apoptosis [37] . In addition, limonene showed anti-metastatic and anti-angiogenic effects in animal models [38] . Others constituents such as γ-muurolene, δ-cadinene, and α-copaene have not been previously tested against tumor cell lines. The systemic toxicological aspects were also subjected to investigation in the present study. Essential oil-treated animals did not show any significant change in body weight, macroscopy of the organs (kidney, liver, and spleen), or blood leukocyte counts. Unlike the essential oil, 5-FU, used as a positive control, reduced the body weights and spleen organ weights and induced severe leukopenia, which represents an important immunosuppression side effect [39] .
In conclusion, the essential oil from leaves of X. laevigata is chemically characterized by the presence of γ-muurolene, δ-cadinene, germacrene B, α-copaene, germacrene D, bicyclogermacrene, and (E)-caryophyllene as major constituents and possesses significant in vitro and in vivo anticancer potential. Therefore, further investigations to identify the molecule(s) responsible for its activity as well as elucidate the mechanism(s) of the antitumor effect exhibited are necessary.
